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(57) Abstract: The invention provides processes for 
preparing carbapenem derivatives having substituted 
imidazo[5,l-b]thiazolyl groups at the 2-position of 
carbapenem ring efficiently in safety at a low cost, and 
intermediates to be used in the processes. Specifically, 
a process for the preparation of compounds of the 
general formula (III), which comprises reacting a 
reaction mixture obtained by treating a compound of 
the general formula (I) with a Grignard reagent with 
a compound of the genera! formula (II) wherein X is 
halogeno; R 1 is H or a hydroxyl-protecting group; R 2 
is optionally substituted alkyl or optionally substituted 
aryl; R 3 is a carboxyl-protecting group or a group 
hydrolyzable in vivo; and R 4 is optionally substituted 
alkyl or optionally substituted phenyl. 
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&HOflS'&*J 1.49 g£#fc<> 
NMR (CDC 1,) 6 : 2.4 1 (3H, sK 7.46 (1H, s), 7.95 
(1H, s) 

mums') (IS, 5R, 6S) -6 - ( (1R) -l-t|?D^>x»;i/) 

-i-^^;i/-2- LZzi2i±ik±^LL£2 rs. l-bl f7V-ii/- 2 - 

-f;i/) - i-jj;w^>-2-xA-3-7j;i/^>^j3'j^A 

a) (3S, 4R) -1- [^u;i/^^r'>*;i/Ji?-;w (hij7i-;vt^*7x 

'Jf» -3 - [ (1R) -1- (t - ^^fJ^iJWJpj/) 

-4- [ (1R) -1- (t^D^;i/^-^ri/7j;i/^-;i/) x^-n,] t€ 

(3S, 4R) -1- [7U;i/t^*^-JKhU7i^l/^*7-iJ 

- 3- [ (1R) -1- (t -r^;u^p<^;i/^';;i/^^^) x 
7*-;i/] - 4 - [ ( 1 R) - 1 - (#;i/**:>) x^;i/] r^^s;>- 2 
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3. 3 0 g(D h;i/x> 2 0ml8****$re#iPU F'Jxf;b7;>0. 7 
OmlfcflD*fco 8Mbb:^D>r;i/0. 62mUiTU Plfijgre 3 OOTJjtft 

bfco H**^*)^ gimt5uit:i0> (3S, 4R) -l- [t>i; 
;i/^|-^r^*;i/^-;i/ ( h i; 7 i-ji/^^7r >j p< - 3 - [ ( 
1R) -1- (t - 7 1- )W * 3- ^fr] - 4- [ (ir) _ 

1- {Vrtu J ;],#-)]/) 3l?)V] T^^>- 2 -:t>©ffl£$t) 

3. 7 2g£f#fc 0 

NMR (CDCL) <5 :-0. 20-0. 10 (6H, mK 0. 6 0- 

0. 65, 0. 95-1. 05 (3H, mK 0. 75-0. 90 (9H, mK 

1. 2 4, 1. 2 5 (9H, mK 1. 3 0- 1. 3 5, 1. 4 5- 1. 5 5 
(3H, mK 2. 45-3. 10 (2H, mK 4. 05-4. 25 (2H, 

mK 4. 40-4. 70 (2H, mK 5. 10-5. 20 (1H, mK 
5. 25-5. 40 (1H, mK 5. 84-6. 0 5 ( 1 H, mK 7. 45 
-7. 60 (9H, mK 7. 70-7. 85 (6H, m) 

b) (3S, 4R) -1- 0'J;i/**i/fc;U7t?-;i/ (fij7iz;i/^*7_ 
'Jt ? >) - 3- [ (1R) - l- (t -muittf-)],* 

x^;i/] -4- [ (1R) - 1 -^^;U-2- {7-*m?*>( $W [5, 
1-b] ^y-;i/-2--f;U) 7M?^>*>-2-;*> 

2-3-^-7-^3^?-^ [5, 1-b] ^T^-;i/0. 16gO 

Th7tFD77>2ml«-3 0TO9U ufit^x^-;i/7^i/ 
£A© IM-t h'O77>S^0. 6 inline HiBfiT! 3 0#HtR# 

Lfeo 3©Mgi^(;, (3S, 4R) -.1- [7"J;i/^-^>>*;i/7^-;i/ (h 
ij7i^*7*7=Uf» -3- [ (1R) -l- (t-^;ps; 

**/Ui'VJU**S/) i^V] -4- [ (1R) -1- (e>tn-Olo***jb;i, 
tfx;i,) x^;i/] T^f-^>-2-^->0. 3 7 g©r h7k KD77> 1 . 5 

- £ Ajjc&fft 5 0ml (UD^.> @E$?xf-;|, 5 0 m 1 tfcbfflbfco 
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- (»Kx^;u) -CJfiMSI-rscfclcADN (3S, 4R) -1- l7VM*i< 
*i;i/#-;v (MJ7j^I/^7-'Jt» - 3- [ (1R) - 1 - 

(t -7^;i/$>*?-;w>i);i/:*#*>) -4- [ (1R) -l-*1-)V- 

2- {i [5, i-b] f-r\/-;i/-2— r;iO -2-* 

NMR (CDC10 S : - 0. 08 (3H, s) N - 0. 06 (3H, s), 
0. 80 (9H, sK 0. 90 (3H, d, J = 5. 8Hz) , 1. 46 (3 
H, d, J=6. 7HzK 2. 43 (3H, s) N 2. 5 5-2. 6 0 ( 1 H, 
m)s 2. 65-2. 90 (2H, m), 3. 75-3. 80, 3. 90-4. 
00 (1H, m) x 4. 15-4. 25 (1H, m) , 4. 55-4. 70 (2 

H, m) x 5. 10-5. 25 (lH,mK 5. 35-5. 50, 6. 00- 
6. 10 (1H, m)x 7. 45-7. 65 (9 H, mK 7. 70-7. 85 
(6H,m)s 8. 00-8. 10 (2H, m) > 8. 56 (1H, s) 

c) (IS, 5R, 6 S) - 6- [ ( 1R) - 1 - ( t-7?)\,V*?-J)/PV)l 
x^;H - 1 -*3-)l-2- (7-^^f-^-r [5, 1 - b] 

f-7V-;i/- 2 --r;i/) - l -#;w\*^>- 2 -xa-3 -^)v^>mrv ji 

(3S, 4R) -1- [7'JM^ri/*;^r;i/ ( h ij7izM7*7r >J 

- 3- [ (1R) -l - (t -:/^;i/^?-;i/S/>;;M-^>) x 
-4- [ (1R) -i-^;i/-2- (7-^^;i/^^->f [5, l 

-b] 2 --f;w) -2-t=^Vxf;p] r-if^^>- 2 

0. 8 1 hJl/X>4ml»9 0 o CT'7^m^jf#tfco 

x^;i/=2 : 3) T*MMf 5 d £fc<fc t> (IS, 5R, 6S) - 6- [ (1R) 

-l - ( t >;;i/ — i — 2 — (7- 

tZ-ft^-jtJ [5, 1-b] 2-4)1) -l-£;w^>- 

2-xA-3-*M>^7'J/l/0. 4 6g£|§fco 
NMR (CDC1.) 5:0. 10 (6H, s), 0. 90 (9H, s)> 

I. 25-1. 30 ( 6 H , m) s 2. 42 (3H, s), 3. 29 (1H, d 
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d, J = 5. 5, 2. 8HzK 3. 35-3. 43 (1H, m), 4. 2 5- 
4. 35 (2H, m) s 4. 68-4. 86 (2H, m) > 5. 25-5. 30 
(1H, m) , 5. 4 0- 5. 5 0 (1H, m) , 5. 90-6. 15 (1H, 
mK8.00(lH, s),8. 3 0 ( 1 H , s) 

d) (IS, 5R, 6S) — 6 - [ (1R) - 1 — b KD*$/x?-;i,] -1-^ 

f-ji- 2 - {1 4 [5, l -b] ^7'^-;i/-2-^;v) - 
1 -*;wv*>- 2 -xa- 3 

( 1 S, 5R, 6 S) -6- [ (1R) - 1 - ( t 

**s) - l -**-;i/-2- (7-^^;^^-^ spy [5, l-b] ^ 

rv r_;| / _2-^;i / ) - 1 -*;w^>-2-3iA- 3-*;i/^>^T';;i/0 . 
9 7 g©^ b^b KD77>9ml&tt£*2fc$S"C#S]U ttll 1 . 7ml, 7 
yfb^ h^^l/T^-^AOlM-fh^t h'D77>§i9. lmlflDX. 
fc&s JSBMT4 0B#IHHf#l/feo SM^t»|if;V5 Omim 

tfeo »»sffl*bt»6n5a*4^y*y;i/*7A^D t h7*57^ - (5 

X^^^-A/ftKif^) T'Ml^bT (IS, 5R, 6S) -6- [ (1R) 

-l-th-p^if;!/] - l -**-;i>-2- ( 7-* >rs*v [5, 
l-b] *-7vf-;i/-2-- ou) - 1 -*ji//^>- 2 -xa- 3 - 

7V)10. 72 g£^feo 
NMR (CDCli) 6 : 1. 29 (3H, d, J = 7. 2Hz), 1. 38 

(3H, d, J = 6. 3HzK 2. 44 ( 3 H , s K 3. 33 (1H, dd, 
J = 6. 8, 2. 8HzK 3. 40-3. 50 ( 1 H, mK 4. 24- 
4. 40 (2H, mK 4. 70-4. 90 (2H, m), 5. 28-5. 32 

(1H, mK 5. 43-5. 50 (lH.mK 5. 90-6. 05 ( 1 H, 
m) s 8. 0 2 ( 1H, s) , 8. 3 0 (1H, s) 

e) (IS, 5R, 6S) -6- ( (1R) - 1 - b Kn^x*-*) 

2 - {l-*Wf-*<tXW [5, l-b] 3-TV-)l-2-<()l) - 
1 2 -xA-3 -#;i/#>^# U •> A 

(IS, 5R, 6S) -6- [ (1R) 
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)V-2- {l-tf-frttj [5, 1-b] ?7V-)l-2-'f )]/) -1 

2 mis WHxf-;H. 2ml^^T;i/rf>#ffl^TT- h ij7i-M^7-f 
>6. 2mgs 2-if-;i/^^>K*U'>A6 5. 1 mg*Jn*&#£*fco 
iOWMCf 1^ 'j7x-;i/*7 7 0/^i;^A (0) 13. 8 

l.&lm*.* 7k 3 m 1 T 3 Sift Hi 1" So *»*-&t>*x iI8SbT*#*> ft 

*^>-;M 0 Cu-PREP (1 0%p<^y-;wjc) ■eHR-rSJifcC.kD* 

M®ft-£t)5 3. 3mg4§fe. 

NMR (DjO) 5 (HOD = 4. 8ppm) : 1. 24 (3H, d, J = 7. 
lHz) s 1. 32 (3H, d, J = 6. 3Hz) , 2. 35 (3H, s) s 3. 
50-3. 60 (2H,m)> 4. 20-4. 35 (2H, m) „ 7. 85 (1 
H, s) N 8. 1 0 ( 1 H, s) 

LgM|4J (3S, 4R) - 3- [ (1R) -1- jt JZ 7±2k22L±}k±L!l 

- 4- r (1R) - l 2 - (JLzv*±ik±±£i 
£V T5, l-bl ^-r^-;i/-2--r;i/) - 1 - T4- 

a) (3 S, 4R) - 3 - [ ( 1 R) - 1 - (t -ff-JVVtf-Jlsi/V 
is) -1- [4 -=. h u ¥ (|>ij7izM7 

-4- [ (1R) -1- ( KMD-f;b - 

(3S, 4R) -3 - [ (1R) - l - {\-73-)\, 9 J )),***s) 

-4- [ (1R) -1- x^;i/] -1- [4-nhD^ 

-2-*>3. 7 7gOh;Px>2 5mlif*ft**»Ti*iJIU h'JiW 
S>0. 7 3ml *iD^.feo ttflsKMD^f ;i/0. 62ml^TU ISllSJ&T* 

5ml»lfeo a*£-&fc-ti\ »IK*S*f Sifc.t«t Ds (3S, 4R) 
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-3 - [ (1R) - 1 - {t-zr^)WJ^)^t/^M^) x^;i/] - 1- 

;H -4- [ (1R) -1- (K^n-r;i/**$/*/i/sl?=;v) x^;i/] T-e?-^ 

>-2-*>©ffl*J*«l4. 2 0g^Hfe, 

NMR (CDC Is) <5 : - 0. 10, - 0. 05 (6H, sK 0. 80 (9 
H, sK 0. 60-0. 70, 1. 00-1. 05 (3H, m) N 1. 2 
0 ( 9 H , s) N 1. 30-1. 35, 1. 40-1. 45 ( 3 H, m) > 
2. 45-3. 10 (2H,m), 3. 90-4. 25 (lH,mK 4. 80 
(1H, br SK 4. 95-5. 00, 5. 30-5. 40 (2H, mK 
7. 40-7. 60 (9 H, mK 7. 70-7. 85 (8H, m) s 8. 15 
- 8. 2 5 (2H, m) 

b) (3S, 4R) -3- [ (1R) -l - {t-7?»v 

*/) - 4- [ (1R) -l-*?)V-2- (7-^^)1^^ 

[5, 1-b] M -1- [4--h 

y s s-2-*> 

2-^^-7-^^^ C5, 1 -b] f-T^-;i/0. 13g© 

rl>7t FD77>2mlW-3 0°Ct3^U cnCIfbx^?^^ 
>7A© lM-r h^h K077>^!^0. 5ml*P^ IrIS^T* 3 0 flf^^ 
bfco C©£f»£t>£-5 0°C«aJLfc (3S, 4R) -3 - [ (1R) - 

1- (t-^v^^^^'J^^) -1- [4-- hP^>i>;i> 

**^#;v#->>i/ (h'J7i-M7^7^'jf» -4- [ (1R) 

-1- (t:^D>f;i/^-*5/*;i/^-^) T-tf^y >- 2 -rtxD? 1 h 5 

tFD77>2ml »*fc»T Us Hfiift-C 1 2 RUB* HHfiftT? 5 ftHJfttt b 
5 OmlT-JfifcBUfco #MJI&#£8n ***** ISfnJgjb^ h V ■? A*«T* 
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NMR (CDCl>)<5:-0. 9H (6H, sK 0. 78 (9H, 0. 
98 (3H, d, J = 5. 9HzK 1. 15 (3H, d, J = 7. 1H 
z), 2. 40 (3H, sK 2. 60-2. 70 (2H, mK 2. 8 0- 
2. 90 (lH.m), 3. 10-3. 20 (1H, m) N 4. 80-5. 00 
(2H, m) s 6. 65-6. 75 (2H, mK 7. 45-8. 2 5 (1 9H, 
m) 

[&Mm5'\ (3S. 4R) -1- {7*))V**i''ti)ltf-)V (h'J7i^ 

z^-V^y) -3- f (1R) -l - jt^Z±2k22^±JkkJUk 

:f*->) xf;H - 4- T (1R) - 1 2 - (7-^^;i/^^ 

a) (3S, 4R) -1- (MJ7i^*7- 

Ux» p<^;H - 4- [ (1R) -l - (^>^-r;i/*^r'>*;i/^-;i/) ^ 
;u] - 3- [ (ir) - l- (t ft***/) r-t? 

(3S, 4R) - l- [7"j;M-*-5'*;i>#=;i' (h'j7irM^7rijf 
» ^f;i/] - 3- [ (1R) - l- (t-^;u^^;w>v;i/:**i/) if 
;i>] - 4- [ (1R) -1- T-l?^i;>-2-^->3. 
3 OgcDWl'OOl OuiI^^zKtK^T-^U h U ^ * > 0 . 7 0m 
l$iP^.feo JUb^W-ni/O. 58mlSiTU lfiftt*3 0«jfbfe o 

^^g^fSC^iCfct), (3S, 4R) -1- [TV)l** 

( h U 7 ji^;b^x*v^U5 : >) /f;i/] - 4- [ (ir) -i 

- (^yV4)\,**i/ti)\s-#-)l) -3 - [ (IR) -1- (t-7?- 

NMR (CDCL) 5 :-0. 13, - 0. 08, 0. 05 (6H, s) N 0. 
7 3, 0. 7 7, 0. 8 1 (9 H, sK 0. 6 3-0. 64, 1. 05- 1. 
07 (3H, m). 1. 32-1. 33, 1. 56-1. 57 ( 3 H , m) N 2. 
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69-3. 16 (3H, mK 4. 11-4. 18 (1H, mK 4. 40-4. 
61 (2H, mK 5. 08-5. 10 (1H, m) > 5. 27-5. 31 (1H, 
mK 5. 90-5. 9 7 (1H, mK 7. 44-7. 76 (1 7H, mK 
8. 0 0-8. 15 (3H, m) 

b) (3S, 4R) -1- [7'JM^>*M-;Mh'J7xrjl/^*7- 

g^y) **)V\ - 3- [(1R) -l - (\-7*))>v**-fri/ 

x*-;u] -4- [ (1R) -l-pt^v-2- (7 -**\H/*-*>f [5, 

l_b] ^ T y_; l/ _2-^;i/) - 2 - t^Vxf /I/] 7-K*-5>>-2-*> 
2-3- [5, 1 -b] f-T^-^0. 16g© 

^AOlM-fh7tFD77>^M0. 6mliniU Mf3 0WfP 

ufco ccDSjKS^ttifcs (3S, 4R) -l - [ru;w<>5*;i/:*-*2/*;M? 

( h >)? ^-frfrX^-Vv'y) -4- [ (1R) -1- 

y>r;u^-^^*^^-;v) -3 - [ (ir) -i - 

>1. 5ml*«[*JPitN *K*&T-3 0#H«#Ufco £©EJfcS£4to*iSltl*fi 

#Mzk> «SfnttMb* r 'J«>A*»JrcJH&«sJ*U &2ki3&$v^* 

NMR (CDCL) <5 : - 0. 08 (3H, sK -0. 06 (3 H, sK 
0. 80 (9H, sK 0. 90 (3H, d, J = 5. 8HzK 1. 46 (3 
H, d, J = 6. 7HzK 2. 43 (3H, sK 2. 5 5- 2. 6 0 (1 H, 
mK 2. 65-2. 90 ( 2 H,m), 3. 75-3. 80, 3. 9 0 - 
4. 00 (lH,m)> 4. 15-4. 25 ( 1 H , mK 4. 55-4. 70 

(2H, m), 5. 10-5. 25 (1H, mK 5. 35-5. 50, 6. 00 
-6. 10 (1H, mK 7. 45-7. 65 (9H, mK 7. 70-7. 85 

(6H, mK 8. 00-8. 10 (2H, mK 8. 56 (1H, s) 

[H»]61 (3S. 4R) -l - [zil2k**&Md£=Jk LL!IZ-S^2k* 
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afr^o^v) p<±jk] -3- r (1R) -1- LLziZf^k22L±2k^Jlik 
x£2kJ -4- r (1R) - 1 2 - {JjzA±Jk±AAA£ 

a) (3S, 4R) -1- [7'JW^;V» (h'j7i-J^^7- 

Ux» -3 - [ (ir) -l - (\.-7*-frV*3-fr*sVM**y) 
x^-;H -4- [ (1R) -1- (4-/ h*^>^;i/**^*;ust?=^) 

(3S, 4R) -1- [T'J^^r^W-^ ( r V 7 j-W^*7; U 

^y) - 3- [ (1R) - l- x 

-4- [ (1R) - 1 - x^;H -r-v*-v>-2-*> 

3. 3 0ff©HH>l 0ml^S7K7k^"e^aU h'Jx^T^O. 7 0 
Wife. M^fct, gi§@it5:J:ia^ (3S, 4 R) - 1 - 

[7^i/^^*;W-^ (Fij7i-Mx*7- l Jf» - 3- 

[ (1R) -1- (t-r^y^f-^^U^**^) xf-;p] -4 - [ (1 
R) -1- (4-^ h^^>V^;V:t^>7j;i/#x;iO x^;i/] T-fc??-^>- 

2-#>Offl£fiM&3. 9 0g£*#fc o 
NMR (CDC 1,) <5 : -0. 15, - 0. 10, 0. 05, 0. 10 (6 

H, sK 0. 70, 0. 75, 0. 80 (9H, sK 0. 55-0. 60, 

I. 05-1. 10 ( 3 H , m) N 1. 30-1. 35, 1. 55-1. 60 
(3H,mK 2. 45-3. 20 (2H,m), 3. 85 (3H, s)> 

4. 10-4. 20 (1H, m)> 4. 40-4. 7 5 (3H, m) N 5. 05 
-5. 1 0 ( 1H, m) x 5. 25-5. 3 5 (1H, m) > 5. 85-6. 0 
0 ( 1 H, m) s 7. 35-7. 60 (9H, mK 7. 65-7. 80 (6H, 
mK 7. 95-8. 05 (2H, m) N 8. 05-8. 15 (2 H, m) 

b) (3S, 4R) -l - It (fj7i-;i/^*7- 

U^>) -3 - [ (1R) -1- (t-7?)li?*?)li<VM*i/) 
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-4- [ (1R) -l-**)\s-2- (7-*?)l?*j =; *V [5, 
1-b] ?TV-)V- 2-<i)l) -2-t^Vif;i/] 7V*¥y-2-*y 

2-b-y-I *W IS, 1 -b] ^^y-;i/0. 3 3g© 
rl>7tHD77>4mlli4- 3 O'Cfctf^U ZtHz^kit^f-JlW**/ 
")ACDlM-r F7t HD75>M£ 1 . 2mliP^., ISJiatT- 3 0#ltam# 
bfeo £®£/fo«l^>£-7 O'CK^SJU (3S, 4R) -1- 

^;i/*^>5b;i/#x;i/ (hU7x-;^^7rijr» -3- [ (l 

R) -1- (t -ymvt^fri/ V - 4- [ (1R) -1 
- (4-^ V*is^>"J4 )l<**i'-h)\'tf-)l/) YM?-V>-2-*y 
0. 7 9g©Th7tb , D77>3mlSMiD^ - 4 0°Cfr£ - 5 0°CT 3 

$10 0ml£iD;t, ^xf;H0 0mlti(ijUco 

NMR (CDC 1,) : -0. 08 (3H, sK -0. 06 (3H, sK 
0. 80 (9H, s), 0. 90 (3H, d, J = 5. 8Hz), 1. 46 

(3H, d, J = 6. 7 Hz), 2. 43 (3H, sK 2. 55-2. 60 (1 
H, mK 2. 65-2. 90 (2H, m), 3. 75-3. 80, 3. 90- 
4. 00 (1H, m) > 4. 15-4. 25 (1H, m) s 4. 55-4. 70 

(2H, m) s 5. 10-5. 25 ( 1 H, mK 5. 35-5. 50, 6. 0 
0-6. 10 (1H, m), 7. 45-7. 65 ( 9 H, m) , 7. 70- 
7. 85 (6H, m) x 8. 00-8. 10 (2H, m) N 8. 56 (1H, s) 

[HffiBflU 7 1 (3S, 4R) -1- \7V)\s***si])VX-)\, (h'J7xrM 

U^>) ^5=-;i/1 -3- [ (1R) -1- (t z7±ML*±2)dtJi2k 

x^;i/l -4- f ( 1R) - 1 2 - S 9 

V? T5, 1 - bl *yJ-)l-2-J)l) -2-^-^rVx^;i/1 7 > -tff-^>-2 

a) (3S, 4R) -1- lTV)l^^i^^)l^-Jl (HJ7izj^*7r 
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Uf» tl-Il] - 3- [ (1R) -1- (t-7?)li? 
x^;i/| - 4- [ (1R) -1- (A-V *?)\sT J J 

(3S, 4R) -1- [TU^J'*^^ (hij7xrMa$7-U 

x» -3- [ (1R) -l- (t-7?-)is;*?)],i/v x 
- 4- [ (1R) -l - (tj;u#^>) x^;u] t^^^>-2-^> 

7. 2 6gOf h7tKn77>44mlS»th>Jxf;i/75>l. 53mK 

4-^^^;i/T^y KUi»o. l 3 gftflnfcfc* &fb4-^^;i/T^/^> 
\z-r;i/2 . o 2 gtt^.> liiisit 3 o^H»#ufeo sra^&^x^- 

;H 0 0 m 1 "C#*U %&mti- h U £ A***> tKs Mlb^ h 

-f 5 £ f ;: «fc D (3S, 4R) -1- IT * -tiftlfs- )i (hU7xx;i/ 

*7*7zijf» -3 - [ (1R) -l - (t -^;i/i;^^;u$/>j 

x^;i/] -4- [ (1R) -1- (4-i?*3-)l7$;^>^'( )l* 
*i/t>)Vi£-)]s) x^;b] r-b*^^>-2-^->cDfflM#3 8. 9 1 g£*#fc 0 
NMR (CD C 10 <? : - 0 . 15-0. 10 ( 6 H, mK 0. 50- 

0. 55, 1. 05-1. 10 ( 3 H , mK 0. 70-0.85 ( 9 H , mK 

1. 30-1. 35, 1. 55-1. 60 (3H, m) , 2. 45-3. 10 
(2H, m) > 3. 03, 3. 07 (6H, s)> 4. 10-4. 25 (1H, 

mK 4. 40-4. 75 (3H, mK 5. 10-5. 15 (1H, mK 
5. 25-5. 35 (1H, mK 5. 90-6. 00 ( 1 H, mK 7. 35 
-7. 60 (9H, mK 7. 65-7. 80 (6H, mK 7. 85-8. 00 
(4H, m) 

b) (3S, 4R) -1- [7'JM^>M*-;MMJ7x-jm$7- 

Ur» - 3- [ (1R) -1- (t -zTf-fVV 

x^;H - 4- [ (1R) -l-*?)l-2- (7 *W [5, 

l-b] 2--r;i/) Tttvy-i—xy 

2-3-F-7-^W^^ , ;[5, 1 -b] ^7^-;i/0. 7 1g© 
rh7tFD77>l OmlSM - 4 0°C(3^bs dtUc^bx^i/V?"* 
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niyfzo Z<DRfcM'£>y)*- 7 0°C£#SJU (3S, 4R) -1- [7'J;K 

[ (1R) -1- (t-r^y^^S/U;b*^» xf;i/] - 4- [ (1 
R) -1- [4 -V**-)V7$S'<>V'( x^;i/] 
$>>-2-:t>l. 7 6 g©^ h^h h*D77> 6mljg**J0A% -40°Cfr 
6-5 0'CC2«Hffl«i*Ufeo SJS>S^«D4»HfflfttUfcgfcs £J&M£#J£fiS 
»*fl37'> i E = '>A*»«[l 0 OmlKUnAx Six^V 1 0 0 m 1 T'fl&fcH bfeo 

7h^7^ - (ff»xf;i/) J: £JfiCD<fb-&«5 1 . 33g 

NMR (CDC 10 $ : -0. 08 (3H, sK - 0. 06 (3H, s). 
0. 80 (9H, s)s 0. 90 (3H, d, J = 5. 8 Hz), 1. 46 (3 
H, d, J = 6. 7Hz), 2. 43 (3H, s), 2. 5 5-2. 6 0 ( 1 H, 
mK 2. 65-2. 90 (2H, m)> 3. 75-3. 80, 3. 90-4. 
00 (1H, m)s 4. 15-4. 25 (1H, m) N 4. 55-4. 70 (2 
H, m) „ 5. 10-5. 25 ( 1 H , m) s 5. 35-5. 50, 6. 00- 
6. 10 ( 1 H , m) > 7. 45-7. 6 5 ( 9 H , mK 7. 70-7. 85 
( 6 H , m) n 8. 00-8. 10 (2H, m)> 8. 56 (1H, s) 

immm 8] (is, sr, 6S)-6-((ir)-i-hfp*^ 

- l- *?Jl-2 - ( 7 ±Jk±Jld I 9_± [5, 1-bl 

f-yyr — - 2 ->f ;u) - l-ft;i/M^>-2-.xA-3-:fr;i/#>g 

th'j7A 

(IS, 5R, 6S) - 6- ( (1R) -l-t^D^«>j^) - 

1-^57-;]/ -2 - (7-^^;i/^^->f^^^[5, l - b] ?-:p\/-;i/ 

— 2 — -Y 7b ) -1 -A;WtA>-2-xA-3-*;i/^>K7'j;i/ 
3. OOg^-xfji/^tf^K^HJ^Al. 3 1 g<fc *K HI^J 
3 - e ) t M&lZ LXn btltzfottl&Ml 3 4mU7t h "J ;i/ 3 4 
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NMR (D 2 0) 6 (HOD = 4. 8 p p m) : 1. 25 (3H, d, J = 
7. 2Hz). 1. 32 (3H, d, J = 6. 4Hz)> 2. 37 (3H, s) ^ 

3. 50-3. 60 (2H, m) x 4. 25-4. 35 (2H, m) N 7. 90 
(1H, s), 8. 12 (1H, s) 

inMM9 1 (IS, 5R, 6S) - 6- ( (1R) - 1 - h K p * 

->x^;u) - i - - 2 - a ±jb±jjji $ r 5 . 1 - 

b ] f7V - 2- ^f;i/) - l-i3JWK>-2-ii>-3-AJ^ 

(IS, 5R, 6S) - 6- ( (1R) -1-tFD * ?■)]/) - 
l-*3-)l-2 - (7 - K W [5, 1-b] *T9-)l 

-2 - J - 1 - #;i/M^> - 2 - xA-3 h 'J ■> A 

28mg^DMFl:Sil, 7>;i/ =f >g H^T> - 3 0 °CT'^^zK^^ 
h'J')A2mgSt>'t^D'fJl/t^i/^f^3-y^ K 0 . 0 1 9ml 

i * •zm&mmisxm t>ntz%$ u *>^;i/^d v P * - (y 

Zuu*$> : ~;i/= 30 : 1) -eMSiTScitfccfcO SMfbilr 

ft 2 7mg£f#fco 

NMR (CDC 1 3 ) <5: 1. 19 (9H, s) , 1. 27 ( 3 H, 
d, J = 7. 4Hz) , 1. 35 ( 3 H , d, J = 6. 3Hz), 
2. 02 (1H, br. s), 2. 42 ( 3 H , s) , 3. 32 (1H, 
d d , J,= 6. 5Hz, J 2 =2. 8Hz) , 3. 44 (1H, m) , 

4. 29 (1H, m) , 4. 36 (1H, dd, J,= 9. 6Hz, 
J 2 =2. 8Hz) , 5. 86, 5. 97 (2H, A B q , J = 5. 5 
Hz) , 8. 04 (1H, s) , 8. 28 (1H, s) 

MS (TSP) : 4 9 4 (M + + H) 

imnm 10] (is, sr. 6S) - 6- ( (ir) - i- hi»p» 
'>if;i/) - i- ^;i/-2 - ( 7 - * mrxj k [ 5 . i - 
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bl f-TVf~;i/-2->f;i/) -l-j)jl/;K>-2-xA-3-jJj^ 
HSfctffl 9 JllSl^lc bl, (IS, 5R, 6S) -6- ( (1R) -1 

-t h*D^^xf;i/) -i-^^;i/-2 - ( 7 - ;v * >f $ V 

[5, 1-b] ^-T S J — )l - 2-4 )V) -l-ii;i/;K>-2-iA- 
3 - *;i/^>^i- h'J<>A26mgkl - (x h * * ;u # = ;i/ * * 
i/) x?-;i/3-*W K 3 lmgi D HM<b£$&J 2 4mgSffe. 

NMR (CDC1 3 ) 6:1. 29-1. 40 ( 9 H , m) , 1. 5 
9, 1. 65 (total 3H, d each, J = 5. 5 H z ) , 
2. 42 (3H, s) , 3. 32 (1H, m) , 3. 43 (1H, m) , 
4. 18-4. 28 (4H,m), 6. 93 (lH,m), 8. 03 

(1H, s), 8. 37, 8. 38 (total lH,s eac 
h) 

MS (TSP) : 4 9 6 (M + + H) 

[mmm in (is, se, 6s) - 6- ( (ir) - i- tpp 

jr->x^;i/) - 1 - 2- ( 7 K V'J [5, 1- 

b] f-7 y V-;i/-2--r;i/) - i- j>w>-2-xi > -3->b^^ 

>B1- ( ^ P ^ 3r S/ ;t/ ^- =fr ^ ft ^ # x Jl -t ± tj ) x & )\y (VTZt 

nmm 9tmmz.vzs (is, sr, 6s)-6-((ir)-i 

- t h* D *$/x^;i/) -1-^^)1-2- (7 

[5 , 1-b] ^T S J — )V- 2-4 )V) - 1 2-xA- 
3-*^#>tt h'J*A3 UmgM - ( P ^>;i/:fr * ^> 2/ 

x^-;i/3-^^ h* 3 0 Omgi D&IHb£to2 6 1 m 

NMR (CD C 1 ,) 6 : 1. 27 (3H, m) , 1. 37 (3H, 
m), 1. 20-2. 00 (10H,m), 1. 59, 1. 65 (to 
tal 3H,d each, J = 5.5Hz), 2.44 (3H, 
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s), 3. 31 (lH,m), 3. 42 ( 1 H, m) , 4 . 32 ( 1 H, 

m) , 4. 66 (1H, m), 6. 94 (1H, m) , 8. 02 (1H, 
s) , 8. 38 ( 1 H, s ) 
MS (TSP) : 550 (M + + H) 
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1 . ( I I I ) (DibS® : 
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SCH 3 



(III) 
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OR 
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TO 



=P(R Z ) 3 



CD 2 R- 



^fc(i^Dy>^ N lJ^±07ND^>jg^{c<t t)M&£*lTOT%cfc 
$:r;i/*;i^£;fc£>fc>-r2>\ fc^ttR"^^'^^^-^- (CH2) .-; 

±©aT'S&£ftT^T*)«i;^7x^;i/«£3!U R\ R 2 N £ J; l>* R 3 & 5$ 
(III) T-£«bfcrtg£|B)«T-$>5o ] 



2. R 4 #, MT;u*;i/«, <S»:f;hj*s/« n tfcfctg-NR'R' 
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OR 1 




N 



(IV) 



•N 



O 



SCH 3 



C0 2 R 



a din ofc&m 



i-o ] 

Sx^7 1 ;^aft^Ar5xa*JJ:tJ { /*fc{i»-C02Rt*joTM^6ti(3^ 
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4 . S (III) Oflj^OSftSlSOiirtN 1 t fett 2 izmn<Di5 

StfcttoTSt (III) ©fb£«)£«ji'r3Ig*^A/C&3x it^3l3iB 



5. a (I) ©ft^», 




SCH 3 



(I) 



6 . S(II) (Dib&V0, 




P(R 2 ) 3 



C0 2 R' 
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tfR'^-iit^oT- (CHO (n(i2~6(D^) £Snr 0 ) 

i^7xn;i/g£^-r 0 ] 

7. S(IIa) tfMbim. 



- (CHO (nt±2~6®»«) ^a-fo ) T-M&£ftT^T & <fcl^7 x - 




C0 2 R 3 



(Ha) 



8 . ^ (ill) ©<b£tio 
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